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The N=1 supergravity coupled to chiral and Yang-Mills superfields is regarded as the ultraviolet
theory of the supersymmetric Standard Model. The gravitino acquires a mass from the hidden
sector and participate in mediating supersymmetry breaking to the visible sector. We consider the
quantum effects of the gravitino and evaluate its contribution to the gaugino masses at one loop level,
which turns out to be irrespective of the SM gauge couplings. Due to the universality of gravitino,
its contribution to the gaugino masses can significantly modify the gaugino mass relations of other
supersymmetry breaking mechanisms depending on the gravitino mass. For a given gaugino mass
the gravitino mass cannot be arbitrarily large even when other supersymmetry breaking mechanisms
are dominant.
I. INTRODUCTION
As the LHC experiments continue to pile up the data
the kudos for the low-energy supersymmetry is fading
away. So it is the appropriate time to look for ex-
cuses for failure to find the low-energy supersymmetry
at the LHC. The supersymmetric partners of the Stan-
dard Model (SM) can acquire masses from various me-
diating mechanisms for supersymmetry breaking in the
hidden sector. One of them is “the gravitino”, which is
the supersymmetric partner of the graviton in supergrav-
ity. Our interest lies in the gravitino-loop contribution
to the masses of the supersymmetric partners, which can
never be turned off. Fayet had already indicated that
the gauginos could acquire a mass from the gravitino at
quantum level using the argument of the continuous R-
symmetry breaking [1, 2]. In this work, we rigoruously
consider the gravitino contribution to the gaugino masses
at one loop level.
The gravitino is the gauge field corresponding to a lo-
cal supersymmetry transformation of supergravity [3, 4].
The quantization of supergravity was studied in [5–8].
The gravitino propagator possesses not only the spin-
3
2
projection component but also the spin- 1
2
projection
component. The gravitino gets massive by acquiring
the degrees of freedom appropriate to finite mass from
the hidden sector, which is so-called “the supersymmet-
ric Higgs mechanism” [9]. The quantum properties of
the massive gravitino were rigorously analyzed in [10].
Just as the quantization procedure of Yang-Mills gauge
theories with spontaneously broken symmetry involves
propagators of the gauge fields, Higgs fields and ghosts
the quantization procedure of supergravity coupled to
matters with spontaneously broken supersymmetry does
those of the gravitino, goldstino and ghosts. Thus the
quantum treatments of gravitino in general necessitate
not only the gravitino propagator but also the goldstino
and ghosts propagators.
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The classical lagrangian for supergravity coupled to
chiral and Yang-Mills matter is given in [11–14] while the
quantum effective lagrangian at one loop is given in [15–
17]. We choose the unitary gauge for the local supersym-
metry, in which masses of the goldstino and ghosts are
infinite. It implies that (i) both the goldstino and ghost
propagators vanish so the contribution to the gaugino
masses from these spurious spin- 1
2
particles is obviously
absent at one loop level, and (ii) the spin- 1
2
projection
part of the gravitino propagator decouples. They sim-
plify the evaluation of the gaugino masses at one loop
level.
II. SUPERGRAVITY AND THE αs GAUGE
The gravitino is a spin- 3
2
fermion, obeying the Rarita-
Schwinger equation. It is the supersymmetric partner of
the graviton which is described by general relativity. The
Einstein-Hilbert lagrangian in general relativity is given
as
LEH = − 1
2κ2
R, (1)
where R is the Ricci scalar and κ−2 = (8piG)−1 = m2
P
with mP being the reduced Planck mass. The lagrangian
has a single dimensionful parameter, “the Planck mass”,
and can be regarded as an effective lagrangian valid up
to the Planck scale.
Applying the idea of an effective theory to supergrav-
ity in the same manner, one can write the complete
quadratic lagrangian for the gravitino, including mass
and gauge fixing terms, is given by
L3/2=
1
κ2
[ i
2
εµνρσ ∗Ψµγ5γν∂ρΨσ + im3/2
∗ΨµΣµνΨν
+
i
2
αs
∗Ψ · γ ∂/ γ ·Ψ
]
. (2)
Here the mass dimension of Ψµ is
1
2
rather than 3
2
, and
Dirac conjugation is denoted by ∗Ψµ = Ψ†µγ
0. Instead
one can persist in 3
2
for the mass dimension of Ψµ with
2the Planck mass entering into the coefficients of the in-
teraction terms. The first term is the kinetic one for
Rarita-Schwinger spin- 3
2
field, the second the mass term,
and the third the gauge-fixing term which embraces the
two spin- 1
2
spurious modes γµψµ and ∂
µψµ. The grav-
itino mass arises from supersymmetry breaking in the
hidden sector. Our conventions for γ-matrices are writ-
ten in Appendix A.
The gravitino propagator is then expressed, in the αs
gauge, by [10]:
i
κ2
〈Ψµ∗Ψν〉= P 3/2µν
1
m3/2 + ∂/
+
∑
i,j
(P
1/2
ij )µν
[
αij()∂/+ βij()
]
, (3)
where P 3/2 and P 1/2 are, respectively, spin- 3
2
and spin- 1
2
projection operators [8]:
P 3/2µν = θµν −
1
3
γˆµγˆν ,
(P
1/2
11
)µν =
1
3
γˆµγˆν , (P
1/2
12
)µν =
√
1
3
γˆµων , (4)
(P
1/2
21
)µν =
√
1
3
ωµγˆν , (P
1/2
22
)µν =
1
3
ωµων ,
with
ωµ ≡ ∂µ∂/

, γˆµ ≡ γµ − ωµ, θµν ≡ ηµν − ωµων , (5)
and αij and βij are functions of the box operator solu-
tions of the matrix equations:
{
α · a˜+ β · b = 12,
α · b˜ + β · a = 0, (6)
with
a =
( −2(1− 3
2
αs
) −√3αs√
3αs −αs
)
,
a˜ =
( −2(1− 3
2
αs
) √
3αs
−√3αs −αs
)
, (7)
b = m3/2
( −2 −√3
−√3 0
)
, b˜ = m3/2
( −2 √3√
3 0
)
.
The spin- 3
2
projection part has a single pole at k2 =
−m2
3/2 while the spin-
1
2
projection part does in general
two different poles. This analysis is analogous to that of
the Yang-Mills gauge theory with spontaneously broken
symmetry so that the αs gauge in supergravity corre-
sponds to the Rξ gauge in the Yang-Mills theory.
The gravitino propagator can be decomposed into
two parts: one is chirality-preserving while the other
chirality-flipping. Because the gravitino mass appears
in the numerator of the chirality-flipping part the two-
component spinor techniques [14, 18] is an efficient
method for our purpose. Note that the gauge depen-
dence of the chirality-flipping propagator shows up only
in spin- 1
2
projection part.
Using two-component spinor techniques, the gravitino
propagator in (3) is decomposed into four parts. Among
them we are interested in the upper 2 × 2 component
for chirality-flipping propagator. The corresponding spin
projection operators are given by
P 3/2µν = ηµν −
1
3
(
σµσ¯ν − kνσµk · σ¯
k2
− kµk · σσ¯ν
k2
+ 4
kµkν
k2
)
,
P
1/2
11,µν =
1
3
(
σµσ¯ν − kνσµk · σ¯
k2
− kµk · σσ¯ν
k2
+
kµkν
k2
)
,
P
1/2
12,µν =
1√
3
(kνσµk · σ¯
k2
− kµkν
k2
)
, (8)
P
1/2
21,µν =
1√
3
(kµk · σσ¯ν
k2
− kµkν
k2
)
,
P
1/2
22,µν =
kµkν
k2
,
where kµ is the gravitino momentum. Then the chirality-
flipping propagators both for spin- 3
2
and spin- 1
2
projec-
tion are respectively given by
〈ψµψν〉 3
2
= (−i)κ2
[
ηµν − 1
3
(
σµσ¯ν − kνσµk · σ¯
k2
− kµk · σσ¯ν
k2
+ 4
kµkν
k2
)] m3/2
k2 +m2
3/2
(9)
and
3〈ψµψν〉 1
2
= (−i)κ2
[ 1
3
(
σµσ¯ν − kνσµk · σ¯
k2
− kµk · σσ¯ν
k2
+
kµkν
k2
)
β11 +
kµkν
k2
β22
+
1√
3
(kνσµk · σ¯
k2
− kµkν
k2
)
β12 +
1√
3
(kµk · σσ¯ν
k2
− kµkν
k2
)
β21
]
,
(10)
kρ
ν µ
FIG. 1. The chirality-flipping gravitino propagator. The cross
stands for mass insertion.
where βij is the solution of Eq. (6). Our conventions for
σ-matrices are written in Appendix A.
The gauge dependence of the chirality-flipping propa-
gator is realized by the value of αs through β. In this
work, we take as = 0, where β is given by
β =
(
0 − 1√
3
1
m3/2
− 1√
3
1
m3/2
2
3
1
m3/2
)
. (11)
Note that β does not depend on the momentum so that
the spin- 1
2
projection component decouples.
III. FEYNMAN RULES IN THE UNITARY
GAUGE
The quantum lagrangian contains the goldstino and
ghost fields corresponding to the gravitino. The
quadratic terms of the two “spurious” spin- 1
2
modes are
given by Eq. (4.33) in [10] and their mass matrix is given
by
M2
1/2 =
m2
3/2
α2s
[
αs
(
αs − 32
) −√3α2s√
3αs(2− αs) 3αs
(
αs − 12
) ] , (12)
with the mass eigenvalues
m3/2 ±m3/2
√
1− 3
2αs
. (13)
Note that there is a typo at the (2, 1) element in the mass
matrix given by the original paper [10]. In the limit of
αs → 0, both the goldstino and ghost fields get infinite
masses and decouple. This is “the unitary gauge”.
In the unitary gauge of spontaneously broken Yang-
Mills theories, there exists an extra quadratically di-
vergent Higgs self-interaction term [19]. Likewise one
expects an extra quadratically divergent self-interaction
term for fields which belong to the same multiplet with
the goldstino in supergravity. However it is irrelevant to
the visible sector and has nothing to do with the grav-
itino contribution to the gaugino mass. So it is safe to
ν
µ
b
a
µ
ν
b
a
k
i
4
[3ηµνδα˙β˙ − 2(σ¯µν)α˙β˙]δab
[ i
2
(−kµσν + ηµνk · σ) + 12kρεµνρκσκ]δab
FIG. 2. The Feynman rules for the interactions in (14). The
double lines, dashed lines and wiggle lines denote gravitino,
Yang-Mills gauge and gaugino fields, respectively.
deal with the interaction terms from the classical super-
gravity lagrangian, which is given by (4.5.29) in [14]. We
take the minimal Ka¨hler potential for the chiral multi-
plets in flat spacetime limit.
We do not write down the complete lagrangian here.
Instead, we put down the gaugino and gravitino interac-
tion terms relevant to our purpose:
L1 = 1
16
[λaλaψ¯µ(3g
µν − 2σ¯µν)ψ¯ν
+ λ¯aλ¯aψµ(3g
µν − 2σµν)ψν ],
L2 = i
2
[∂µAνc − ∂νAµc][(ψµσν λ¯c − ψ¯µσ¯νλc)
− i
2
εµνρκ(ψ
ρσκλ¯c + ψ¯ρσ¯κλc)
]
,
(14)
where λa,Aµa, ψµ, are gaugino, Yang-Mills gauge, grav-
itino fields, respectively. Note that no gauge coupling
appears in L1,2. The relevant Feynman rules are given
in Figure 2.
IV. GAUGINO MASSES FROM GRAVITINO
The Feynman diagrams for the gaugino mass from
gravitino loops are shown in Figure 3. One may expect
that the one-loop diagrams lead to divergences which can
be removed by introducing counterterms. However, su-
pergravity lagrangian itself has no gaugino mass term,
which is forbidden by the Yang-Mills gauge symmetry.
So dimensional regularization scheme cannot be used to
evaluate the one-loop diagrams. Instead we use an ultra-
violet cutoff regularization, in which all momentum inte-
grals are limited naturally to a region q2 < Λ2, with Λ
4being an ultraviolet cutoff. Moreover we surmise in Sec-
tion 2 that supergravity is an effective theory up to the
Planck scale which is nothing but an ultraviolet cutoff.
As a result, no ultraviolet divergences can occur. For in-
stance, using an ultraviolet cutoff regularization one gets
the one-loop self-energy in φ4 theory as follows∫ Λ d4q
(2pi)4
1
q2 +m2
=
i
16pi2
[
Λ2 −m2 log
( Λ2
m2
+ 1
)]
.
(15)
Now we evaluate the Feynman diagrams in Figure 3
using an ultraviolet cutoff regularization and obtain the
gaugino mass at one loop level as
m1/2 =
m3/2
16pi2
[ Λ2
m2P
−
m2
3/2
m2
P
log
( Λ2
m2
3/2
+ 1
)]
, (16)
which does not include the Yang-Mills gauge coupling,
implying that different gauginos acquire the same mass
from gravitino at one loop level. Furthermore, the scale
dependence of the gaugino masses stems only from that
of the gravitino mass. However, the universal feature
cannot survive at higher loop level because gauge cou-
plings in the gaugino masses begin to appear at two loop
level. Note that spin- 1
2
projection part of the gravitino
propagator does not contribute to the gaugino mass.
Just as one cancels fermonic loop contributions to the
SM Higgs mass by adding bosonic loop contributions one
may try to cancel the Λ2 in the first term of Eq. (16) by
introducing a supersymmetric counterpart which involves
a graviton loop. But there are no such diagrams because
both spin statistics and Yang-Mills gauge symmetry do
not allow for them. Unlike the hierarchy problem of the
SM Higgs mass the Λ2 dependence in the gaugino mass
does not cause a hierarchy problem due to the Planck
mass suppression. For m3/2 ≪ mP , the ratio of gaugino
mass to gravitino mass is given by
m1/2
m3/2
∼ 1
16pi2
Λ2
m2P
, (17)
implying that the gravitino mass cannot be arbitrarily
large for a given gaugino mass. This holds true even
when the contribution to the gaugino mass from other
supersymmetry breaking mechanisms is dominant. Fur-
thermore, with a naive expectation Λ = mP one gets
m1/2
m3/2
∼ 1
16pi2
. (18)
It is well known that performing an ultraviolet cutoff
regularization procedure in general leads to unwanted ex-
plicit gauge-violating contributions. However there is a
remedy for it [20–22]: imposing translational invariance
in momentum space on to an ultravioet cutoff regular-
ization. In our case it is achieved by cleverly choosing
the gauges: the unitary gauge for local supersymmetry
transformation and the Feynman gauge for the Yang-
Mills gauge symmetry, respectively. To be specific, the
(a) (b)
FIG. 3. Gravitino loop contribution to gaugino mass.
dependence of the external momentum in Figure 3 (b)
disappears at the end so one can maintain the transla-
tional invariance.
V. SUMMARY AND OUTLOOK
We considered the gaugino mass by quantum gravitino
mediation. It is found that the gaugino masses at one
loop level are the same irrespective of the kinds of Yang-
Mills gauge symmetries. Once the contribution is com-
parable to those of other supersymmetry breaking mech-
anisms it will significantly change the gaugino mass spec-
trums. All depend on the gravitino mass and the momen-
tum UV cutoff. For instance, the gaugino mass relations
from anomaly mediation should be clearly modified be-
cause they depend on the gauge couplings. We will con-
sider the gravitino-loop contributions to sfermon masses
in the near future. It is also expected that soft supersym-
metry parameters of the MSSM from anomaly mediation
may be understood using the explicit one-loop effective
supergravity lagrangian [15, 16]. These may shake the
footing of the CMSSM or other low-energy supersymme-
try models, providing any theoretical reasons why low-
energy supersymmetry is not found at the LHC.
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Appendix A: Notations
In our notations, the metric tensor ηµν(µ, ν = 0, 1, 2, 3)
is defined as
ηµν = (−,+,+,+). (A1)
5The totally antisymmetric symbol εµνλκ is normalised
such as
ε0123 = +1, ε
0123 = −1. (A2)
We use the σ-matrices,
σ¯µ = σ
µ = (12, σ
i), σi = σi,
σ¯µ = (−12, σi), σµ = (−12, σi).
(A3)
In the Weyl basis the Dirac matrices are given by
γµ ≡
(
0 σµ
σ¯µ 0
)
, (A4)
and the traceless antisymmetric combinations are defined
as
Σµν ≡ 1
4
(γµγν − γνγµ) =
(
σµν 0
0 σ¯µν
)
, (A5)
where
σµν ≡ 1
4
(σµσ¯ν − σν σ¯µ), σ¯µν ≡ 1
4
(σ¯µσν − σ¯νσµ).
(A6)
A Majorana spinor Ψµ is made of a Weyl spinor ψα
with two components, α = 1, 2 and its complex conjugate
ψ
α˙
, (α˙ = 1˙, 2˙):
Ψµ =
(
(ψµ)α
(ψµ)
α˙
)
, Ψµ =
(
(ψµ)
α, (ψµ)α˙
)
. (A7)
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